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METHOD AND CIRCUIT FOR SWITCHOVER BETWEEN A PRIMARY AND A 

SECONDARY POWER SOURCE 

BACKGROUND OF THE PRESENT INVENTION 

Field of the Invention 

The present invention generally relates to circuitry for 
protection of data stored within volatile devices, and more 
5 specifically, relates to circuitry capable of reacting to a fast 
negative transition of a supply level from a primary power 
source for initiating a switchover from the primary power source 
to a secondary power source. 

Description of the Related Art 
10 Volatile devices require power to maintain stored data. If 

power is removed from the volatile devices, the stored data is 
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los t Such volatile devices include volatile memory, cioc>: S , 



power 



conventional systems generally oontain power source 
, switchover crcuitry for detecting that a supply level fro, a 
primary power source decreases below a threshold voltage and for 
initiating a switchover to a secondary or bacl.up power source. 
The switchover to the secondary power source maintains power to 
the volatile elements to avoid loss of the stored data. 
0 However, the power source switchover circuitry utilized to 
switch from the primary power source to the secondary power 
source in conventional systems is designed to be staple over 
temperature and process corners, and not designed to respond to 

„-t--vP ^-ra^sition of the supply level of 
a fast ramp-down or negative .ra..s-L. 

15 the primary power source. 

. . „ u a „ a r-prpn-lv been interested in designing 

System aesiyiwra na«> - 

systems capable of performing a fast ramp-down of the primary 
power source. This presents a problem as the power source 
switchover circuitry in conventional systems cannot initiate a 
,„ switchover from the primary source to the secondary power source 
£ or a fast ramp-down of the supply level of the primary power 
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source (i.e., the fast ramp-down of the supply level is not 
detected by the power source switchover circuitry, . 

SUMMARY OF THE INVENTION 

To overcome the shortcomings of the power source switchover 
circuitry in conventional systems, a circuit and method for 
responding to a fast ramp-down of a supply level from a primary 
power source and for performing a switchover from the primary 
power source to a secondary power source to preserve stored data 
in memory elements is presented. The circuit and method, 
accordmg to the principles of the present invention, allow a 
system designer to account for ramp-down of the primary power 
source at faster rates than in conventional systems. 

One embodiment of the present invention includes an 
irit egrated circuit for providing a switchover from the primary 

... H ,.„ n,uor source, The integrated 
power source to trie sec-uda^ 

circuit includes a power source switchover circuit for detecting 
the supply level of the primary power source and a voltage 
threshold of the power source switchover circuit. The power 
source switchover circuit has a first input terminal selectively 
coupled to the primary power source and a second input terminal 
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selectively coupled to the secondary power source. A comparator 
is coupled to the power source switchover circuit for indicating 
that the supply level of the primary power source decreases 
below the voltage threshold. The integrated circuit further 
5 includes a forced power source switchover circuit for detecting 
that the supply level of the primary power source drops below a 
predefined threshold level. A switchover circuit on the 
integrated circuit initiates a switchover operation based upon 
a switchover indication from the comparator or upon an 
10 indication that the forced power source switchover circuit 
detects that the supply level being received from the primary 
power source drops below the predefined threshold level. 

Another embodiment according to the principles of the 
present invention is a method for performing a power source 
15 switchover f rom the primary power source to the secondary power 
source. The method mciuaes ueLtLnny ond^ ^ ^^r--, - 
received from the primary power source decreases below a 
predefined threshold level from a steady-state operating level, 
where the decrease occurs faster than a predetermined negative 
20 rate of change. The method asserts a signal indicating to 
switch from the primary power source to the secondary power 
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source upon detecting that the supply level being delivered from 
the primary power source has decreased below the predefined 
threshold level . A detection o£ the signal indicating to switch 
from the primary power source to the secondary power initiates 
a switch fro, the primary power source to the secondary power 
source . 

Another embodiment according to the principles of the 
present invention is a system having at least one volatile 
device for maintaining data, a forced power source switchover 
circuit for detecting a drop in a supply level below the 
predefined threshold level from the primary power source, and a 
switchover circuit for asserting a switchover from the primary 
power source to a secondary power source to prevent the volatile 
device from losing data upon power being removed from the 
volatile device. The forced power source switchover circuit 
reacts to the supply level transitioning no,, =. 
operating level to a predefined threshold level, the supply 
le vel transitioning at a rate faster than a predetermined 
negative rate of change. The system may be a memory system, a 
computing system, a communications system and/or a clock system. 
The volatile device may be a memory device or a clock device 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the system, method, and 
apparatus of the present invention may be obtained by reference 
to the following Detailed Description when taken in conjunction 
with the accompanying Drawings wherein: 

FIGURE 1 is a high-level block diagram of a circu.it 
to provide a switchover from a primary power source to a 

secondary power source; 

FIGURE 2 is an exemplary circuit as structured 

according to FIGURE 1; 

FIGURE 3 is an exemplary graph of the output signals 
o£ the power source switchover circuitry according to 

FIGURE 2; 

FIGURE 4 is an exemplary system block diagram having 
volatile elements and circuitry to provide a switchover as 

provided by FIGURES 1 and 2 ; 

FIGURE 5 is an exemplary flow diagram for providing 
a switchover from the primary power source to the 
secondary power source according to FIGURES 1 and 2; and 

FIGURE 6 is an exemplary graph of a fast decrease of 
the signal level of the primary power source causing the 
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switchover to the secondary power source according to 
FIGURES 1 and 2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. This 
invention may, however, be embodied in many different forms and 
should not be construed as limited to the embodiments set forth 
herein; rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully convey 
the scope of the invention to those skilled in the art. 

Systems that utilize volatile elements, such as a volatile 
m emory or clock to maintain stored data or current time, 
respectively, must provide a secondary power source to the 
volatile elements to avoid a loss of information from the 
volatile elements upon a power ramp-down from a primary power 
source. In order to protect the systems against loss of power 
to volatile elements, switchover circuitry for responding to 
ramp-down of the supply level of the primary power source is 
coupled to the volatile memory elements. Upon the supply level 

—-r-P ^r^a^inq below a predefined 
of the primary power ^ur^e ^e^-e*--. d 
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threshold level, the switchover circuitry initiates a switchover 

from the primary power source to the secondary power source. A 

forced power source switchover circuit, which is included within 

the switchover circuitry according to the principles of the 

5 present invention, responds to a fast ramp-down of the supply 

level of the primary power source. The forced power source 

switchover circuit may be circuitry added in addition to a power 

source switchover circuit presently in the conventional systems. 

The forced power source switchover circuitry is fail-safe 

10 circuitry to force the switchover of the primary power source to 

the secondary power source. Upon the supply level of the 

primary power source reaching a trip point of the forced power 

source switchover circuitry, which is lower than the trip point 

of the power source switchover circuitry, the forced power 

15 source switchover circuitry 120 initiates a switchover from the 

-h^ -h^no c; P rnniiarv power source. 

primary power buuKc ~ - - 

FIGURE 1 is a^jiigh level block diagram of circuitry to 
provide the switcholer from the primary power source to the 
' -> ^ secondary power source. A portion of circuitry 100 of a system 
that provides and monitors power to the volatile devices within 
the system is shown. Monitor (i.e., detection, and switchover 
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C1 rcuitry 101 is utilized for monitoring the power being 
delivered from the primary power source and switching to the 
■ secondary power source upon either the supply level o£ the 
primary power source transitioning below a first or a second 
5 voltage threshold. The second voltage threshold being reached 
if the supply level of the primary power source transitions 
faster than a predetermined negative rate of change (e.g., 150 
microseconds) . The power and control circuitry 102 receives and 
delivers power and control signaling to the monitor and 
10 switchover circuitry 101. Alternatively, the power and control 

Circuitry may be included within the monitor and switchover 

circuitry 101. % 

Power source switchover circuitry 103 (having reference 
point trying, has output signals VREF 104 and VA3 105, which 

to ThP indication signals indicate the 
15 are indication signals. The mdicatio y 

i . iTrrVW nn lire 106 

relative voltage levels ot a supply i= — -■ 

£rom the primary power source (not shown, and the voltage 
potential of the substrate on line 108. It should be understood 
that the supply level of the primary power source may be 
20 received as either voltage or current . A reference level VSS on 
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Una HO is received by the power source switchover circuitry 
103, where VSS is generally ground. 

A power source switchover comparator 112 receives the 
signals on the VREF line 104 and the VA3 line 105 as inputs. 

. . , „^ a ,^nr 112 loqically compares 
5 The power source switcnove. ^.^a. 

th . mput Signals, VREF 104 and VA3 105. When the VREF signal 
104 becomes lower than the VA3 signal (i.e.. supply level o£ 
th e primary power source below the voltage potential of the 
substrate, , then the output signal, BCOMPOUT 114. of the power 
L0 source switchover comparator 112 becomes a high logic level. 
The BCOHPOUT signal 114 becoming a high logic level is a trigger 
for initiating a switchover from the primary to the secondary 
power source. It should be understood that the comparator 112 
may be included within the power source switchover circuitry 

15 103. 

Switchover logic circuitry no rec e iv„ ...e „- 

11, as an input signal. The BCOMPOUT signal 114 is one input 
signal that the switchover logic circuitry 116 utilizes in 
initiating the switchover from the primary power source to the 

20 secondary power source. 
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Trimml ng circuitry 118 is connected to forced battery 
sW1 tchover circuitry 120. The tricing circuitry 118 connects 
t0 the forced power source switchover circuitry 120 via a trip 

■ . <- <TPA) bus 1". The trimming circuitry 118 
point adjustment (TPA) bus i~. 

.._-„-.^,, r,nu»r source via the 
receives a supply level from tne P"— r 

power and control circuitry 102. Additionally, a pulse signal, 
VOKPUL 12,, is received by the trying circuit lie for post- 
tri-ing functionality. The trimming circuitry 118 is used to 
adjust a trip point for the f ,rced battery switchover circuitry 
120 to provrde an indication signal . The forced power source 

■» T>n is capable of detecting the ramp-down 
switchover circuitry 120 is capable o 

, ,„,rr. at a rate faster than a 
of the primary power scurce at 

^ ,f rhanae The trip point is 
predetermined negative rate of change. 

„lly triced for 2.0 volts at BS Celsius, which will he 
raised by ,00 millivolts at zero Celsius to become 2.4 volts 

; n c for 

, rrl ri-ruitrv again/ — — 

The power and control a.cuiny 

d elivermg the supply levels of the power sources and control 
signals to the monitor and switchover circuitry 101. The 
control signals are generally used for configuring the 
switchover logic circuitry 116 in various states. Primarily, 
the states that the switchover logic circuitry Uo are 



Dallas: 6XW6v 1. 



11 



10 



15 



20 



Patent Application 
Docket #99-C-179 

configured include normal operating mode and trying .ode. The 
control signals include TMO 126, PDINHIB 128, BAT FLOAT 130, and 
TCAL 131. By setting these control signals to particular logic 
levels, the switchover logic circuitry 116 rs responsive to the 

. , ^ ^„ , n „rne switchover comparator 

BCOMPOUT signal 114 rrom mc ~ 

, i -19 fv^m the forced 

112 and a forced switchover signal i^O) 132 ^ - 

battery switchover circuitry 120. A voltage switchover signal 
(VSO) 134 is an output from the switchover logic circuitry 116. 

i niis delivered to a switch circuit 136, which 
The VSO signal 134 is ae^ veiCU 

■ mal (i e power source) being applied to 
switches the supply signal (i.e., powe 

the volatile elements to protect against data loss. 

As previously described, the monitor and switchover 
cl rcuitry 101 rs capable of two modes, normal operating mode and 

i ThP dimming mode includes two different 
trimmmg mode. ine ^num-Li d 

j „ The first trimming mode is for setting a 
trimmmg modes. me lil&l 

crossover level (i.e., trip point) oe,^- 

i ins as detected by the power source 
and the VA3 signal 105 as aeuecLt j 

switchover circuitry 103. The second tricing Mode is for 
setting a trip point for the forced battery switchover circuitry 
120 . Both of these trying modes are selectable by applying 
the control signals In particular states so that the switchover 
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logic circuitry 116 responds either to the BCOMPOUT signal 114 
or the FSO signal 132. The VSO signal 134 can be monitored by 
a special pad to determine the state of either the BCOMPOUT 
signal 114 or the FSO signal 132 being received by the 
5 switchover logic circuitry 116. Once the trimming operations 
are completed, the monitor and switchover circuitry 101 is 
configured in the normal operating mode, which monitors the 
signal level being received from the primary power source and 
switching over to the secondary power source upon the supply 
10 level from the primary power source transitioning below the trip 
points as set during the trimming mode. The normal operating 

i „ ,,-;-M Hpq-ribed in more detail 
mode and the trimming modes will be des^rioeu 

with reference to FIGURE 2. 

FIGURE 2 is one embodiment for a circuit level 
15 representation of the monitor and switchover circuitry 101 

Hnn. Dashed 

according to the principles of tne P— 

boxes around the various circuit elements represent each of the 
blocks shown m FIGURE 1, including the power source switchover 
circuitry 103, the switchover comparator 112, the trimming 
20 circuitry 118, the forced battery switchover circuitry 120, and 
the switchover logic circuitry 116. 
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When conjured for normal operation, in general, the 
cognation of the power source switchover circuitry 103 and 
comparator 112 detect when the primary power source drops below 
the trip pomt or predefined threshold level (e.g., 2.5 volts) 

,,^„v,..„ e r- Hrruitrv 103 and provide an 
of the power source swlui^l, - . 

ideation signal BCCMPOUT 114 to the switchover logic circuitry 
U 6 for Pitching from the primary power source to the secondary 
poW er source. However, the power source switchover circuitry 
10 3 is not capable of reacting to fast ramp-down rates of supply 
ievel of the primary power source, but stains a stable trip 
point over temperature variations. To provide tor a power 
source switchover for fast ramp-down of the supply level fro, 
the priory power source, the forced power source switchover 
circuitry 120 is designed to provide an indication or fast 
switchover signal «FS0, 138 to the switchover logic circuitry 

,..:i-^,.u 0 r rirrnitrv 120 is 
116 While the forced power source - c - - 

capable of reacting to a fast ramp-down of the supply level 
the primary power source, the trip point of the forced power 
source switchover circuitry 120 varies over temperature. The 
FS0 signal 138 forces a switchover fro, the primary power source 
tc . the secondary power source upon the supply level of the 
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primary Power source reaching the trip point set during the 
trimming mode for the forced power source switchover circuitry 

■ Hfrv 103 The switchover logic circuitry llo 
switchover circuitry 1UJ. 

t-n the indication signals, 
contains circuitry tor - " 

. . ^ cw^rbovpr from the 
BCOMPOUT 114 and FSO 132, and asserting the s—nc 

primary power source to the secondary power source. 

specifically, the power source switchover circuitry 103 

source. The detection is perform primarily by transistor 210 
a nd indicated by the VREF signal 104. The signal level .VCCEXT 
106) of the primary power source is indicated by the V ft 3 signal 

4-^^ vccE>*T 106 minus the 
10 5 The VREF signal 104 is computed as VCCEXT 

i.uol nf VCCEXT 106. 
signal 105 is an indication ot tne voi,^= 

Th e comparator 112 compares the VREF signal 104 and the Vtt 

i 1 n/i i <^ ^hove the VA3 signal 105, 
signal 103. If the VREF signal 104 is above 

tnen the primary power source is utilized to supply power to the 
volatiie elements. Upon the VREF signal 104 transitioning below 
the VA3 signal 105, the switchover from the primary power source 
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• initiated by the switchover 
to the secondary power source is initiated by 

logic circuitry 116. 

Th e volatile events (not shown, are specif to operate 
at2 . 6 volts by system designers. A dditionally, the system 

. .^. r „,i Kar-Vun battery is to last 
designers specify that tr.e - 

£orteny ears. ,n order for the battery to .astfor ten years, 
to operate the volatile elements .e.g., 

Fo r example, to perform standard read and write operations for 
a random access memory, 20 .UUa.s are drawn from a power 

the M tor approximately one second. So, if a battery is used 
for the secondary power source, it can only be used to maintain 
the contents of the volatile elements and net to perform 
standard read and write operations. 

_• x. a r. ^pci rPd that the 
To meet the above specifications, i. - — 

supply level being received from the primary power source be 

etched to being receded from the secondary power source and 

, crosses the predefined threshold level of the power source 
swl tchover circuitry 103. The predefined threshold level of the 
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power source switchover circuitry 103 is generally below a 
n ini n um operating level (i.e., 2.6 volts) of the volatile 
elements . The preferred embodiment has its predefined threshold 
level set to 2.5 volts, but other levels are possible. 

..... r _ „,nf,wr circuitry 103 contains start-up 
The power source o*^— -~- 

circuitry 200 coupled to the VCCEXT line 106 and current mirror 
circuitry 205. The current mirror circuitry is coupled to the 
gate o£ the transistor 210, which has its collector connected to 
the VCCSUB line 108 and its emitter connected to a resistor 215. 
Tne other terminal of the resistor is connected to a gate of a 
P-channel transistor 220. The line connecting the resistor 215 
and the gate of the P-channel transistor 220 provides the VREF 
signal 104. The source of the P-channel transistor 220 is 
coupled to VCCEXT 106 and the drain is coupled to the gates of 
two N-channel transistors 225 and 226, which nave their source 

„ , ^ r^^.i^ h^t-wppn the source 

terminals connected to vss n». ^-f— - - 

terminal of the P-channel transistor 220 and the dram channel 
of the N-channel transistor 226 are a series of resistors, RA, 
R l- R «, and RB, which form a voltage divider. A node coupled 
between the R3 and the R4 resistor provides the VA3 signal 105. 
in parallel to each of the resistors R1-R6 are fuses fl-f6, 
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voltage divider, which generates the VA3 signai 103. 

When ra.ping-up the pr^ary power source, the VCCEXT signal 
106 provides a boost to the startup circuitry, which causes the 

.......n^nnnpratfi. Upon the gate terminal 

current mirror circuity - -- 

■ . ^„ n 1 n v-iii beain to lower 
receiving current flow, the transistor ^ ^ beg 

« Us collector and emitter terminals and a 
the impedance across its coiiecLu 

voltage level is developed at the VREF node 10,. 
Si.ultaneously, a voltage is developed at the VA3 node 10, as 
dictated by the voltage divider fro* the resrstors KA. RX-R6. 
and RB taUng into account the status of fuses £!-«. At the 
t ri P point, the voltage Level of the VREE signal 10, and the V A 3 
signal 105 cross as the VREF signal 104 has a steeper slope than 
t „. VA3 signal 105. The trip point for the power source 
switchover circuitry 103 and rs generally set for 2.5 volts, it 

fKot hhP monitor and 
should be noted that during tne ^ 

switchover circuitry 101 is powered on the secondary power 
source, such as a battery, the substrate is at the level of the 
secondary power source, such as 3V. When the substrate is 
powered by the secondary power source at 3V, all of the P- 
channel transistors are m a weaR inversion state (i.e., bee* 
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bl as mode, until the switchover fro, the secondary to the 
primary power source occurs and the voltage potential of the 
substrate drops to the supply level of the primary power source. 

Referring to FIGURE 3, an exemplary graph of the output 
sl gnals of the power source switchover circuitry 103 i. shown. 
As shown, the VREF srgnal 104 has a steeper slope than the VA3 
signal 105. The point where the VREF srgnal 104 crosses the VA3 
signal 105 is trip point 300 for the power source switchover 
circuit. The trip point 300 is generally trimmed to occur at 
2.5 volts. However, the trip point 300 can be trimmed for other 
voltages by selectively blowing fuses fl-« to create different 
voltage divider values. To raise the trip point 30C, any 

f -Fi_fi are blown. It should be 
point 300, any combination of fl f3 are bio 

^ vnirs at the same voltage level 
noted that the trip point occurs at 

: nv> r>r~ ^mrnna down 

whether the primary power source is ram^", ^ ■ 

and the trip point varies minimally over temperature. 

Referring again to FIGURE 2, at the trip point 300, the 
BCOMPOUT signal 114 switches from a high to a low logic level 
when the primary power source is ramping up. It should oe noted 
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o£ the transistor 210 and the voltage drop across the rector 
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.,,v„ ror rirruitrv 120 includes 
The forced power source switchover circuit y 

»,_^-,r,r, 0 i transistors Q2 and Q3, 
a p-channel transistor yi, uwu i,-_— ^ ~- 

and a multiple nu, b er of P-channel transistor. Q.-Q9 and Qi4- 
Q2 1. The source terminal of the P-channel translator Ql rs 
connected to VCCEXT 106 (i.e., the primary power source, and the 
gate and drain terminals are tied together. The drain terminal 
o£ the P-channel transistor Ql is connected to the drain 

i f„n = istnr 02 The node formed by the 
terminal of the N-channel transistor . 

■ i e nf 01 and Q? is designated node Nl and is 
drain terminals of 0.1 ana w- 

£ urther connected to the gate terminal of the .-channel 
transrstor Q3. The source terminal of the N-channel Q2 rs 
connected to VSS 110 (i.e., ground, and the gate tergal is 

connected to VCCSUB 108. The source ternu,.^ o 

transistor Q3 is connected to VSS 110 and the dram terminal of 
th e N-channel trans rstor Q3, designated as node N2, connects to 
the dram ter.mals of Q4-Q9 and Q2! . Mdrtrcnally, the node Nl 
is coupled to the gate terramals of the P-channel transistors 
Q14 -Q20. The source terminals cf the P-channel transrstors Q14- 
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in- The aate terminals of 
, qH to thP VCCEXT line 10o. The gat 
Q 20 are connected to the 

Mtfl the trip point adjustment bus 12., whic 
04-Q9 are connected to the trip 

is coupled to cirouiuy 

inverter 230 has its input connected to the node 

Finally, an inverter 

, q(T . itdoVPr signal (FSO) 138. 
4- the forced swianu^- ^ 

and outputs tne ^ 

.pushover circuitry 
In operation, the forced power source sw,t„ho 

t £orce a s-itchover from the primary power source 
120 operates to force as 

source upon the supply level of the 
to the secondary power source u P 

transition^ below a predefined threshold 
primary power source transit 

, . (e , 2 .0 volts,. The conflation of Ql, 
level (e .g. f ^ • , n _ n of 

. „ react to a fast transition of the supply — 
functions to react -J ...ntrtover 

-„ The forced power source switchover 
the primary power source. int at 2 0 volts at 

a temperature of 85 Celsius, which - 
atzer0 Celsius to become 2.4 volts. 

at 2 .. . r , n > operates in the 

The configuration of Ql » 

-;i-irriina below 2V, 'J-i- 
or Up-n VCCEXT 106 transitioning d 
following manner. Up,n 

fnrnpd on, so pun^ 
r receive enough voltage to be turned 

• lw node N2 transitions from 
node Nl low. Upon node M going low, 

. „ 6 to the VCCEXT signal 10, becoming coupled 
a low to a high due to the 

. ,..«, the P-channel transistors *« and 021. 
througn en- 
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„n the trimming circuitry 118 
Additionally, depending upon the 

transistorpairsQl4/Q4 , Q15/Q s, oie/oe. o-o. o-oe, and 

ni4 019 track with Ql across the process 
Q 19/Q9. Also, Q14-Q19 trac 

variations. 

- 1T ^ r e switchover circuitry, 

As was the case with the power s_~e 

• , nrs m the forced power switchover 
the P-channel transistors in 

inb ack bias mode because the VCCEXT 106 is 
circuitry 120 are m back Pias 

1 0 „ and the substrate has the voltage PO— 1 — «ly 
egual to the 1-1 o £ «» secondary Power source, whic 

ls _ nt iaiy3v when usin, a batter. - 

„ , transistor Q2 has a strong influence over node . 
the N-channel transistor y 

- „-„r 01 is in a weakened state while VLCEXT 
The P-channel transistor Ql is 

, . „„int of the power source 
106 is below 2.5V (i.e., tne - 

switchover circuit. 103, UP on the switchover to the pri^r 
P0 wer source, the suhstrate drops to the SUPP1V — of VO.X1 

, p-rhannel transistor 
■ +. iw nanoseconds and the V cnauii- 
106 in approximately 50 nanose^ 

■ Hnns into a normal operating state. 
0 Ql transitions muu 
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The timing circuitry 118 comprises circuitry for enabling 
a „d disabling the P-channel transistors Q4- C 9. As configured, 
the transistors Q4-Q6 are defaulted on and the transistors Q7-Q9 

f„<^«? f7-fl2 are used for trimming 
are defaulted off. As shown, fuses f7 

1 „ ^ rhP trio point adjustment bus 122. 

to set the voltage xev^o ^ - , ^ 

; if the fuse t~l is 

For example, for P-channel transistor „4, i. - 

blown, then the input to the gate of the P-channel transistor Q4 

transistor 0 4 . The circuitry accompanying fuses £ B-fl2 have the 
sa me circuitry (i.e., the parallel N-channel transistors and 
inverter, connected to fuse f7, however, inverters 23, are 
included on the output of the circuitry accompanying fuses rlO- 
fl 2 so that the default of P-channel transistors Q7-Q9 are off. 

The forced power switchover circuitry 120 has its trip 
point set at 2.0 volts, as previously discussed. To make a 

t - -n transistor Ql/ the 
stronger or weaker pull-up tor L:« 

£use , f7-f!2 are blown. To decrease the trip point, fuses i7-£9 
may be blown, and to increase the trip point, fuses flO-f 12 may 
be blown. It should be understood that the trip point may need 
adj ustment due to process deviations when fabricating the 
^„rated circuit. When the voltage potential of VCCSUB 108 
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crosses the supply level of VCCEXT 106, P-channel transistor Ql 

in conjunction with N-channel transistor Q3 cause the F30 signal 

138 to transition from low to high at 2V, for example. 

Thus far, the power source switchover circuitry 103 and the 

forced power source switchover Circuitry 120 have been discussed 

for both normal operating mode and trimming mode. To fully 

understand the operation of the monitor and switchover circuitry 

101, however, the integration of the power source switchover 

circuitry 103 and the forced power source switchover circuitry 

■ + v^or inair circuitry 116 must be discussed. 
12C with the switchover iogic circuity 

The switchover logic circuitry 116 is utilized for configuring 
the monitor and circuitry 101 to operate in normal operating 

mode and trimming modes. 

The switchover logic circuitry 116 comprises logic gates, 
a delay element, and transistors configured as logicaL elements. 

These components are coniigureu lu r^- -e 

fro» the power and control circuitry 102, including TM0 126, 
PDINHIB 128, BAT FLOAT 130, and TCAL 131. The two switchover 
indicators, BCOMPOUT 114 and FSO 138, are also received by the 
switchover logic circuitry 116. As previously discussed, the 
monitor and switchover circuitry 101 operates in two modes, 
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normal operating mode and trying .ode. In the normal 
operating mode, each of the control signals are forced to a low 
logic levels when the primary power source is driving the 
monitor and switchover circuitry 101 . In the trimming .ode, the 
control signals are configured to O, ignore the FSO srgnal 138 
so that the transition of the BCOMPOUT signal 114 can be 
detected for trimiamg the power source switchover circuitry 103, 
and (2, ignore the BCOMPOUT signal 114 so that the transition of 
the FSO signal 138 can he detected for trying the forced power 

ion uw qpI prtively detecting each 
source switchover circuitry 120. By selective 

of the switchover signals (i.e.. BCOMPOUT 114 and FSO 133), 

tn-mg of the crip points of the power source switchover 

circuitry 103 and the forced power source switchover circuitry 

U3 can be performed on a single test station. Once each of the 

trip points have been measured, the trip point of the power 

on the positive 
source switchover circuitry i U 3 

transition of the supply level of the primary power source and 
the trip point of the forced power source switchover circuitry 
120 measured on the negative transition of the supply level of 

fr^y pxanrale, then the appropriate 
the primary power source, for example, 

fuses can be blown to adjust the trip points. 
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NORMAL OPERATING MODE 

There are three conditions that can occur in the normal 
operating mode. First condition, the monitor and switchover 
Circuitry 101 can be receiving power from the secondary power 
source and the primary power source can transition from a low to 
a high power level. Second condition: the primary power source 
can be supplying the monitor and switchover circuitry 101 with 
a normal operating power levei and transition to a low power 
level at a rate slower than a predetermined rate of change. 
Third condition: the primary power source can be supplying the 
mo nitor and switchover circuitry 101 with the normal operating 
power ievel and transition to a low power level, the transition 
occurring at a rate faster than a predetermined rate of change. 

The first condition of the normal operating mode detects 
transitions of the signal level of the primary power source from 

. , -n>,„ ;7cirir sinnal 104 will cross 
a low to a high signal ie<ei. <■ 

tne VA3 signal 105 at the trip point of the power source 
switchover circuitry 103 as the supply voltage of the primary 
power source ramps-u P . As previously discussed, the preferred 
embodiment sets the trip point of the power source switchover 
circuitry 103 to 2.5V. At the trip point of the power source 
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switchover circuitry 103, the BCOMPOUT signal 114 transitions 
from a high to a low logic level indicating that the VREF signal 
104 is higher than the VA3 signal 105 (i.e., the primary power 
source is at a normal operating level) . The transition of the 
BCOMPOUT signal 114 causes the monitor and switchover circuitry 
101 to switch from the secondary power source to the primary 
power source. When the BCOMPOUT signal goes high, the output of 
the nor gate 235, node N3, transitions from a low to a high 
logic level. Node N3 is also an input to the delay element 240. 
The delay element 240 may comprise a plurality of delay 
components (e.g., inverters) within the delay element 240 to 
delay the input signal by 350 nanoseconds, for example. The 
output of the delay element 240, node N4, transitions 350 
nanoseconds after the transition of node N3. 

The purpose for delaying the high to low logic level 

. . ~ ^ -; c- t-hp fnllowincr: as 

transition of node N4 oy Jnu nanus^— — 

the external power supply is ramped-up while the monitor and 
switchover circuitry 101 is in normal operating mode, the LVDISB 
signal is high (i.e., TM0 is low), and the BCOMPOUT signal 
transitions to a low logic level at 2.5V. As soon as the 
BCOMPOUT signal 114 becomes a low logic level, the device is 
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powered by the external power supply. If the secondary power 
supply is a battery, the battery creates a voltage potential on 
the substrate of approximately 3V. When the switchover fro. the 
secondary power source to the primary power source occurs, about 
,0 nanoseconds Is necessary for the voltage potential on the 
substrate to transition fro, 3V to approximately 2 . 5V, which is 
the trimmed reference of the power source switchover circuitry 
10 3. until the substrate settle, at 2.5V, all the P-channel 
transistors are in bacK bias mode and the secondary trip point 
produces an unwanted hysteresis, which is a second trip point at 

i I* a 2 9V) By delaying node K4 ; and node N10) 
a higher value (e.g. , y 

from transitioning for 350 nanoseconds, the SO nanosecond 
transition requirement for the substrate to drop from 3V to 2.5V 
1S satisfied and any unwanted transitions of the FSO signal 138 
during the transition of the voltage potential on the substrate 

, notPnf.ial of the substrate 

are ignored. upon me v^.^ ^ ■ 

transitioning to the supply level of the primary power source, 
the trip point of the forced power source switchover circuitry 
12 „ becomes 2.0V at 85C and the power source switchover 
circuitry 120 starts to operate in normal mode (i.e.. the P- 
channel transistors are no longer in back bias mode, . 
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Continuing with the transition of the primary power source 
fr om low to high in the normal operating mode, when both the N3 
and the N4 nodes are low, the nor gate 245 outputs a high logic 

. .,.....„„, „ f ^nandaate 250 to be low. The 

high and driving tne uu^^ — — 

- ■ mi n / a i<;n indicated as 

output of the nand gate 250 is node Nl u 136 ,al- 

i»p„t terminal C into no, gate 255, . However, since the FSO 

sl gnal 138 on node A of the nor gate Q10 is a high logic level, 

the output, LVSWITCH 140 of the nor gate Q10 regains low. As 

PDINHIB 128 transits fro, high to low upon the primary power 

source becoming powered-up, a low logic level Is applied to 

output stage 265, which heco.es configured to transition the VSO 

logic leve l transitions the switch 136 to apply the primary 

tmte (1 e , VCCEXT lot) to the volatile elements. 

power source u-^-' 

^ ^or^tina rr.ode occurs 
The second condition or tne nun-. ^ 

when the primary power source is sourcing the monitor and 

switchover circuitry iO! with a steady-state signal level and 

decreasmg the signal level below a predefined threshold level, 

,t * r-te slower than a predetermined 
the decrease occurring at a rate slDwe 

- nf rhanae (e.a., more than 150 microseconds) . 
gative rate or change 



20 

ne 



Dallas: 6SW>v ].:»'»■> <»«r 



10 



15 



20 



Patent Application 
Docket #99-C-H9 

at „ in a similar manner as the circuitry in 
This condition operates in a simna 

«- e „ the power source switchover 
th e conventional systems as the pcwe 

^ P of detecting the decrease of the signal 
circuitry 103 is capable or detecting 

level of the primary power source. 

. _..4-^, 0 r- Hrr.uitrv 103 detecting 
Upon the power source ^xu^— ^ — - 

i. rar <r^i -^nina below 
the signal level of the primary power source .rans^- 

■ ,.i„i <w) the BCOMPOUT signal 
the trip point (i.e., approximately 2 . oV) , 

M transitions from a low to a hign logic level . 
signal HO remains a logic low during the slow ramp-down as the 
F SO signal 13B remains a high logic level. The output of the 
nor gate 2,0 transitions from a high to a low logic level, which 
causes the VSO signal 13, to transition to a high logic level 
and the switch 136 to switch the secondary power source to the 
supply the non-volatile elements. 

The third condition of the normal operating mode allows the 

f>,n nrimarv cower 
system designer to increase the ramp-ao„„ ~~ ,- 

source and not lose stored data in volatile elements. As 
di scussed earlier, the fast ramp-down (e.g., faster than ISO 
mlcro seconds, is not detected hy the power source switchover 
circuitry 103 so that the BCOHPOUT signal U4 does not 
transition from a low logic level to initiate a switchover to 
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th e second power source as the signal level of the primary 
power source crosses the trip point of the power source 

switchover circuitry 103. 

upon the signal level of the primary power source crossing 
the trip point of the forced power source switchover circuitry 
120, the FSO signal 138 transitions from a high to a low logic 
ievel. The transition of the FSO signal 138 is produced by the 
configuration of the transistors Ql, Q2, and Q3 as previously 
discussed. Because the other two input terminals (i.e., TCAL 
and node N10, to the nor gate 25S remain low, the transition of 

, „,, Q ~^ -hp LVSWITCH 
th* FSO signal 138 to a low logic levei c.use, ^ 

to become a nigh logic level. The VSO signal 134 becking a 

,,.r .ource to the secondary power source. The 
the primary power source i.u 

. , „ ; _un,i m receives the signal level 

monitor and switcnovei ox^— — --- 

of the secondary power source and the volatile element does not 
iose stored data. Because the forced power source switchover 
circuitry 120 initiates the switchover extremely quickly, there 
1S no danger of the volatile elements losing the stored data 
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TRIMMING MODES 

Prior to setting the monitor and switchover circuitry 101 
in the normal operating mode, both the power source switchover 
circuitry 103 and the forced battery switchover circuitry 120 

5 are configured or trimmed to set the trip points (i.e., the 
signal level of the primary power source that each circuit 
indicates a switchover) . As previously discussed, the trip 
point of the power source switchover circuitry 103 (i.e., 
primary trip point) is set to approximately 2.5V and the trip 
10 point of the forced power source switchover circuitry 120 (i.e., 
secondary trip point) is set to 2.0V. Although the trimming 
operation of the individual circuits has previously been 
discussed, the following includes configuring the switchover 
logic circuitry 116 to react only to one or the other circuits 

15 (i.e., detect either the BCOMPOUT signal 114 or the FSO signal 

-i n n \ 
1JZ.) . 

To configure the switchover logic circuitry 116 for 
monitoring the trimming operation of the power source switchover 
circuitry 103, the TM0 control signal 126 is set to a high logic 
20 level. By setting the TM0 control signal 126 high, LVDISB is 
low and node N10 136 is high, forcing LVSWITCH 140 low so that 
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the FSO signal 138 is effectively ignored by the output stage 
265. Upon the primary power source ramping up (or down), the 
BCOMPOUT signal 114 transitions when crossing the trip point of 
the power source switchover circuitry 103. In the case of the 
primary power source ramping-up, the nor gate 260 outputs a low 
logic level to the output stage 265 and the VSO signal 134 
transitions from a high to a low logic level, which causes the 
switch to apply the VCCEXT signal to the substrate. The 
substrate can be monitored to determine the trip point of the 
power source switchover circuitry 103 and appropriate trimming 
can be performed by blowing any combination of fuses fl-f6. 

To configure the switchover logic circuitry 116 for 
monitoring the trimming operation of the forced power source 
switchover circuitry 103, the BAT FLOAT control signal 130 is set 
to a high logic level and TM0 is set to a log:c low logic level. 

. t m ^ ty .-i ; „ f^ m fr,r D of f prti vpI v icmored. When the 

The BOuMfuui sigiidJ. xo i_m-. J . - - - 

signal level of the primary power source decreases below the 
trip point of the forced power source switchover circuitry 103, 
the FSO signal 138 transitions from a high to a low logic level, 
which causes the LVSWITCH signal 140 and the VSO signal 134 to 
transition from a low to a high logic level. The switch 136 
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applies the secondary power source to the substrate upon the VSO 
signal 13, becoming a high logic level. The substrate can be 
stored to determine the trip point of the forced power source 

• „ -f fhP fuses f7-fl2 can be 
switchover circuitry 120. Trimming of the fuses 

. . ... „f .hP forced power source switchover 
adjusts the trip pun- ~- - 

circuitry 120. 

FIGURE 4 is an exemplary system 300 that includes the power 
source switchover circuitry according to the principles of the 
presen t invention. The exemplary system 300 includes a 
processor 304, the monitor and switchover circuitry 101, a 
memory 306, a cloc, 308, and power circuitry 310. The power 
Circuitry 310, which may include power regulation circuitry .not 

to an external power source 312 providing 
shown) , is connected to an exteiua 

V ext 314 to the power circuitry and to ah external battery 316 
providing Vbatt 313 to the power circuitry. The primary and 

y~ nvfpm^i, internal, -or a 
secondary power sources m.ay be =x.e 

combination of external and internal power sources. 

in addition to the processor 304 providing functionality to 
the system 300, the processor 304 interfaces with the memory 306 
ard the monitor and switchover circuitry 101. The processor is 
connected to the memory 306 via a data bus 320 and an address 
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bus 322. The processor is further connected to the monitor and 
switchover circuitry 101 via a control bus 324 to provide 
control information to the monitor and switchover circuitry 101. 
The control bus 324 may include mode information to, for 
5 example, place the monitor and switchover circuitry 101 in test 
mode or in normal operating mode. 

The monitor and switchover circuitry 101 includes 
switchover detector circuitry 310 and the switchover logic 
circuitry. Although not shown, the switchover detector 
10 circuitry includes the elements of the monitor and switchover 
circuitry 101 excluding the switchover logic circu^ry uO. 
switchover detector circuitry outputs two switchover indicator 
signals, BCOMPOUT 114 and FSO 138, which indicate that the 
supply level of the primary power source is above or below a 

15 predefined threshold level. 

. f-^-w Tin rprpivps the oower for the system 
Tne power LirLuxLij 

300 and delivers the power to the other components within the 
system 300. The power circuitry 310 is controlled via the VSO 
signal 134, which initiates a switch from the external power 
20 source 312 to the external battery 316 if the supply level Vext 
314 of the external power source 312 drops below a predefined 
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threshold. The memory 306 and the clock 308 are volatile 
elements, so both are prevented from losing power during a 
supply level decrease, either slower or faster than a 
predetermined negative rate of change, via the monitor and 
5 switchover circuitry 101 as described with reference to FIGURES 
I and 2 . 

The system 300 may be a self-contained unit, such as a 
communication device, a computing device, or a clock. Examples 
of a communication device include: a mobile telephone, a 
10 personal communicator, and a pager. Examples of a computing 
device include: a personal computer, a portable computer, a 
hand-held computer, and a calculator. It should be understood 
that the principles of the present invention may be applied to 
any system or device that includes volatile elements and is not 
15 limited to the exemplary systems as herein presented. 

r,^„^^ ^. Trir.TTRF. 5, an exemplary flow diagram 500 of the 
process for performing a power source switchover within a system 
according to the principles of the present invention is 
presented. The process starts in normal operating mode at step 
20 505 and power from the primary power source is applied at step 
510. Prior to the primary power source applying power at step 
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510, the system may be receiving power from a secondary power 
source . 

At step 515, a determination is made as to whether the 
power from the primary power source has dropped below a 
5 predefined threshold level . The predefined threshold level is 
set in a trimming mode, generally at a substrate level, prior to 
starting the normal operating mode. The determination 515 is 
performed by the monitor and switchover circuitry 101 . Within 
the monitor and switchover circuitry 101, both the power source 
l0 switchover circuitry 103 combined with the power source 
switchover comparator 112 and the forced power source switchover 
circuitry 120 act to perform the determination 515. If the 
determination is negative, then the system continues to monitor 
the supply level of the primary power source by effectively 
15 looping the step of determining 515. If the determination is 

. H 0 ^r,inarinn has been made that the supply 

positive v J- • • / ^ 

level of the primary power source has cropped below a predefined 
threshold level) , then a switchover signal based upon a negative 
rate of change of the supply level is applied at step 520. If 
20 the supply level of the primary power source drops slower than 
a predetermined negative rate of change (e.g., 150 
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microseconds), then the switchover signal (i.e., BCOMPOUT 114 ) 
is applied by the power source switchover comparator 112. If 
the supply level of the primary power source drops faster than 
the predetermined negative rate of change, then the switchover 
5 signal (i.e., FSO) is applied from the forced battery switchover 
circuitry 120. It should be understood that both the power 
source switchover circuitry 103 and the forced battery 
switchover circuitry 120 are performing the steps of determining 
515 and applying 520 according to the present example. 
10 At step 525, a detection for determining that the 

switchover signal has been applied is performed. Upon the 
detection 525 occurring, a switchover from the primary to the 
secondary power source is performed at step 530. The switchover 
530 occurs before the volatile elements lose the stored data 
15 At step 535, a determination is made as to whether the 

has returned above the 
predefined threshold level. If the determination 535 is 
negative, then the process continues to monitor the supply level 
of the primary power source. Upon the supply level of the 
20 primary power source returning above the predefined threshold 
level, the power from primary power source is applied to the 
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system at step 510. The determination 535 is performed by the 
power source switchover circuitry 103 in combination with the 
switchover logic circuitry 116. 

Referring to FIGURE 6, three exemplary waveforms illustrate 
the normal operating mode of the monitor and switchover 
circuitry. The waveforms illustrate both ramp-up and fast ramp- 
down of the primary power source having a voltage of VCCEXT 106. 
initially, the VSO signal 134 indicates that the system is 
receiving power by the secondary power source as the VSO signal 
is high. Upon the signal level of the primary power source 
reaching 2.6V, the VSO signal becomes a low logic level, which 
causes the switch 136 to switch from the secondary power source 
to the primary power source. 

At 100 microseconds, the VCCEXT signal 106 is decreased to 
1.4V within 25 nanoseconds, which causes the forced power source 
.. , ^„„^,„i9ntn rpart, IlDon the VCCEXT signal 10 6 

SWlLCIlOve-L lj.h-uh.i-j ^ ~ ~~ <■ - - 

reaching 2.0V, the FSO signal 138 (not shown) becomes low, which 
triggers the LVSWITCH signal 140 to become high. Upon the 
LVSWITCH signal 140 becoming high, the VSO signal, again, 
becomes high, which causes the switch 136 to switch from the 
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primary power source to the secondary power source and the 

stored data in the volatile elements to be maintained. 

It should be understood that the monitor and switchover 
circuitry may be incorporated into a single integrated circuit 
or may be included on multiple integrated circuits. While the 
exemplary circuitry presented utilizes specific logic gates, it 
is contemplated that the principles of the present invention 
could allow for other logic gates to be utilized and produce the 
same or similar functionality as herein presented. 

The previous description is of a preferred embodiment for 



le mventic 



implementing the invention, and the scope 
should not necessarily be limited by this description. The 
scope of the present invention is instead defined by the 
following claims. 
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